The rat growth hormone (rGH) gene contains two classes of repetitive DNA arranged as clusters within intron B and the 3' flanking region. The major family is equivalent to the CHO type 2 DNA. The second ("truncated repeat", TR) is a truncated version of the first and occurs in certain neural-specific transcripts and genes ("identifier" elements, ID). Here we report, using the HeLa cell-free transcription assay, that RNA polymerase III (Pol III) efficiently initiates at internal promoters within a tandem array of rGH gene repetitive DNA monomers and results in a novel organization of overlapping Class III transcription units. Transcription competition studies revealed that the rat type 2 structures share Pol III transcription factors with a tRNA qene, a human Alu repeat, and a mutant VA1 gene. Also, the rGH type 2 but not the TR DNA efficiently promotes Pol III initiation, yet other TR members, which differ only in flanking DNA, are transcribed. Thus, the rGH gene is strikingly enriched with 10 repetitive DNA monomers; multimeric type 2 elements are actively transcribed; rGH-TR sequences are expressed only as part of larger transcripts promoted by type 2 DNA; and, type 2 DNA uses tRNA gene transcription factors. These studies show that flanking sequences, promoter organization and factor competition may all affect rat repetitive DNA expression.
INTRODUCTION
The major component of mammalian short-length, middle-repetitive DNA is the Alu-equlvalent family which consists of 10 5 closely-related sequences comprising 3-536 of the total DNA (1) (2) (3) (4) (5) . These are mostly interspersed (and not clustered) throughout the genome both flanking and within genes, and are frequently flanked by direct repeats suggesting their recent insertion (1, 2) . Most individual members of the Alu-repetitive DNA families contain in vitro RNA polymerase III (Pol III) promoter activity, whereas the Chinese hamster ovary (CHO) type 1 repeat family does not have such activity (1) (2) (3) (4) . In the rat, the Pol III template activities of only one class have been tested directly (3) . In spite of the large quantity of this DNA, very little is known about its functions; whereas roles in regulation of gene expression, transcription and recombinational events have been proposed (1) (2) (3) , more data are needed related to the mechanisms by which this DNA can be expressed.
Alu-like middle repetitive DNA found in association with the rat growth hormone (rGH) gene has unique features of interest. First, unlike most repetitive DNA, many of the rGH repeats occur in a tandem arrangement. This may be of particular interest in terms of expression, since in the cases studied to date in which multiple Pol III promoters occur naturally as tandemly arranged tRNA genes, Pol III transcription is initiated only with the first (i.e., the most 5') gene (16) (17) (18) . Secondly, sequences of one of these repeat elements have been found in certain rat genes expressed uniquely in the brain and also comprise the major structure of a 160 nucleotide (nt) neuralspecific RNA (3, (9) (10) (11) . This led Sutcliffe et al. to label these elements as brain "identifier" (ID) sequences (9) (10) (11) and to speculate that these sequences in some way are involved in regulation of brain functions. One of these ID sequences has been shown to have Pol III promoter activity HI vitro (3) . Thus, information about the mechanisms of expression of this DNA may not only be critical for understanding brain-and pituitary-specific expression, but may also help in defining better the biological role of repetitive DNA.
The repetitive DNA associated with the rGH gene has been found both in intron B (Ig) and in the 3'-flanking region (3'FR). The Ig DNA sequence in the Sprague-Dawley rat contains 508 bp of three repeat monomers with a headto-tail array of two repeats that have 86% homology to the CHO type 2 repetitive DNA class (4, 7) . The third monomer is truncated after the first 73 bp (which are 66* homologous to the type 2 DNA) by an A-rich segment; we have termed this DNA the truncated repeat (TR) family (Fig. 1 ). Another single TR is found 300-500 bp beyond the rGH gene polyadenylation signal ( Fig. 1 ) (7, 8 ; G.G. Cathala, M.O. Showers, and J.D. Baxter, unpublished results). The putative "identifier" sequence is equivalent to the rGH TR sequences and therefore is a member of the TR family (3, (7) (8) (9) (10) (11) (12) (13) (14) (15) ).
In the current study we used the cell-free transcription system of Manley et al. (19) and the unique organization of the Alu-like sequences associated with the rGH gene to: 1) determine the Pol III activity of the two major rat repetitive DNA families; 2) map the rGH gene Pol III transcription units; 3) determine if the Pol III promoters tandemly arranged within Ig behave as a single transcription unit; and, 4) determine, by competition studies, if the rat Alu-like repeats and tRNA genes share Pol III transcription factors.
MATERIALS AND METHODS
Construction of rGH gene subclones and truncated DNA templates.
The 5.8 kb EcoRI-Hindlll rGH gene-containing fragment in prGHeh-5.8 was used (7) . The 1250 bp and 1350 bp PstI fragments of prGHeh-5.8 cloned into the PstI site of pBR322 resulted in subclones prGH-1250 (containing I B ) and prGH-1350 (containing 3'FR) (Fig. 1C) . The 425 bp fragment containing the single 3'TR was cloned into the Hindlll site of pBR322 by digesting prGHeh-5.8 with PvuII and adding Hindlll linkers. The Drosophila arginine tRNA genomic clone, pArg, and 5* deletion subclones, pArg 5.9 and pArg 5.12, were kindly supplied by Drs. S. Sharp and D. Soil (20) . The human Alu-repeat clones, pPD8 and pPD6, were kindly provided by Drs. T. Friedmann and P.
Deininger; adenovirus VA1-5*A55 DNA was a generous gift of Dr. R. Weinmann (5, 21) . Plasraid DNAs were purified by banding in CsCl gradients (22, 23) .
Restriction enzymes were used as recommended by the supplier and fragments were phenol extracted and ethanol precipitated prior to use.
Cell-Free Transcription
Whole cell lysates were prepared from cultured HeLa cells as described by Manley et al. (19) . The standard assay was performed as previously described (19) acrylamide/8M urea sequencing-type gel at 35 watts for 2.5 hr.
SI Nuclease Mapping
For Si nuclease mapping, unlabeled Ig Pol III transcripts were prepared from a scaled-up (5X) transcription reaction containing 50 vig/ml of prGH-1250 and 2 ug/ml of a-amanitin. After a 2 hr incubation the template was digested with RNAse-free DNAse I previously purified by affinity chromatography on agarose-coupled 5*-(4 aminophenyl-phosporyl) uridine 2'(3') phosphate (Miles-Yeds, Laboratories) as described by Maxwell (24) . The RNA was co-precipitated in ethanol with either probe 1 (0.4 pMoles) or probe 2 (0.6 pMoles) described below. After drying, the ethanol precipitates were then dissolved in 20 yl of 0.5 M NaCl, 80515 formamide, 40 mM Pipes (pH 6.4) and 1 mM EDTA, placed in a boiling water bath for 3 min and hybridized at the indicated temperature for 18 hrs. Each hybridization reaction was diluted 10X with ice-cold Si buffer containing 22 U/JJI of Si nuclease (Miles Laboratories), 0.25 M NaCl, 30 mM NaOAc (pH 4.6) and 4.5 uW ZnSO^. The RNA-DNA hybrids were digested for 30 min at 370c, then they were phenolchloroform extracted, ethanol precipitated, dissolved in formamide sample buffer, heated, and electrophoresed on 8% polyacrylamide/8M urea sequencing gels. Probe 1 was prepared by digesting prGH-1250 with Avail and Bglll, and probe 2 by digesting prGH-1250 with PstI and Bglll. The specific fragments were isolated from preparative gels, treated with calf intestinal alakaline phosphatase and 5'-end labelled with [Y-32 P]ATP (3000 ci/mmol, Amersham) using bacteriophage T4 polynucleotide kinase CP-L Biochemicals). RNA Polymerase III Stable-Complex Competition Assay.
The standard cell-free transcription assay was pre-incubated for 5 min at 30'C with either 2 or 10 ug of the competitor template (0.6 or 3 yMoles of Pol III promoters, respectively) and "stable" Pol III transcription complexes were allowed to form. Then 1 yg (or 0.5 uMoles of Pol III promoters) of the prGH-1250 reference template was added to each reaction and the assay continued for another 55 min. Transcription stop buffer, containing 32 P-labelled Ui RNA as an internal control for non-specific losses during the extraction and precipitation procedures, was then added. The cell-free transcripts were purified and analyzed on 5% sequencing gels as described in the previous section. Uncut plasmid DNAs were used in these assays. Gelpurified Ui RNA (prepared as described in 25) was 3' end-labelled with RNA ligase and [5*- 32 PJ P C P as described by England et al. (26) . RESULTS 1. Pol III transcripts predicted from the rGH gene sequence. The Class III gene transcription unit is defined by two discontinuous and intragenic Pol III promoter elements, the A and B boxes, and a termination signal containing a stretch of at least four thymidine residues (20, 21, (27) (28) (29) (30) (31) (32) (33) (34) Pol III initiation at each putative promoter (Fig. 1A, bold nucleotides) followed by multiple termination events at both the weak Ig ( Cell-free transcription of the rGH gene. An autoradiogram of the gelseparated, cell-free transcripts directed by various prGHeh-5.8 fragments (7, 19 ) is shown in Fig. 2 . Multiple, discrete transcripts of 175 to ca. 1300 nt are observed. By contrast, no transcripts are found in the absence of added DNA, and transcription of Hindlll-linearized pBR322 results in transcripts from ca. 1100 to 1300 nt, most of which are sensitive to 2 yg/ml of a-amanitin (data not shown). Differences in intensities of the lanes are due to variable ONA recoveries after phenol extraction and prior to transcription. The transcription pattern with Xhol or Xbal generated fragments is similar. However, the Bglll (which cuts within the Ig repeat cluster) generated DNA fragments produce more transcripts migrating in the 290-310 range (marked with an asterisk) and do not yield the 370-360 nt RNA pair (indicated with arrows). Similarly, the KpnI-cleaved template, which is cut within the distal 3'FR repetitive DNA, directs the synthesis of a new 217 nt product and not the 650 and 475 nt transcripts seen with the other templates. These data imply that Pol III transcription units are present within Ig and the 3'FR since truncation of prGHeh-5.8 by Bglll and Kpnl, respectively, generates shorter run-offs (4). It is unlikely that the observed transcripts arise from the rGH gene Pol II promoter since the predicted a-amanitin sensitive, Pol II run-off transcripts of 270 and 870 nt for Xbal-, and Bglll-truncated prGHeh-5.8, respectively, are not found. In addition, the Xhol and Xbal generated templates yield the same pattern and yet Xhol cleaves the rGH gene at the CAP site. Instead, many of the transcripts are probably generated by Pol III since they are resistant to 2 ug/ml but not 200 yg/ml of a-amanitin. Also, the multiple Pol III rGH gene transcripts are most likely due to multiple discrete initiation and termination events and not processing, since the transcription pattern remains unchanged even after a 2.5 hr. incubation (data not shown).
3.
Intron B and the 3'FR of the rGH gene contain multiple Pol III transcription units imbedded within repetitive DNA. Repetitive DNA regions identified within I B and the 3'FR of the rGH gene by previous studies (7; A. Barta, personal communication) were found to hybridize with [32p]-labelled cell-free transcripts directed by prGHeh-5.8 DNA (data not shown). These repetitive DNA regions were subcloned (Fig. 1C) and analyzed further. Fig. 3 Figure   3B and Table I , this is precisely the result obtained. Furthermore, Fig. 3B and Table I (not shown), 385 or 460 nt run-offs are generated (none of which appear as doublets) with Bglll, Aval or Hpall-cut templates, respectively. Finally, the data suggest that the TRs associated with the rGH gene are relatively inactive. First, no cell-free transcriptional activity is obtained with prGH-425 containing the TR in the immediate 3' FR (lane 1, Fig.  3A) . Secondly, the predicted length of a transcript initiating at the putative Pol III promoter of the TR within Ig and continuing to the first Pol III stop signal ("CTTTTC", IQ) would be 330 nt (Cl, Table 1 ). A transcript of around 320 nt is weakly visible in many of the lanes (lanes 1,2,5 and 6, Fig.  3B ) and this transcript is also observed with Bglll (lanes 2 and 6, Fig. 3B ), but not Aval (lane 3, Fig. 38 ) or Hpall (lane 7, Fig. 38 ) digested templates. However, the predicted TR run-offs (Cl, Table 1 ) for Aval (180 nt) and Hpall (260 nt) truncated templates are not observed. Thus, the TR within Ig may have very weak, if any, Pol III promoter activity.
Shown in
5. Si nuciease mapping of the Pol III initiation sites within intron B of the rGH gene. To map precisely the Ig Pol III initiation sites, nonradioactive prGH-1250 cell-free transcription products synthesized in the presence of 2 yg/ml of a-amanitin were hybridized with the 32p_i a b e ii e <j DNA probes indicated in Fig. 5A and then treated with Si nuciease. The 411 bp Avail fragment (probe 1) spans the predicted start site within the first repeat. Use of this probe generates fragments of 51-54 and 63-68 nucleotides (Fig.  5B) indicating start sites at the start of the first long repeat (marked with an asterisk, Fig. 1A) , and to the fifth (G) and seventh (A) nucleotides within the direct repeat (positions 559 and 561, darkened triangles, Fig.  1A ). These findings are consistent with restriction-site transcript mapping data in the previous section. An 804 bp Pstl-Bglll fragment (probe 2, T M -50°C) spanning the first two repeats was used to map the initiation site from the second repeat. The hybridizations were done at 49°C and 54°C, in an attempt to map the transcripts predicted from the data of Fig. 3 of 298 nt (48* GC) and 108 nt (56* GC) extending from the first and second repeats, respectively, to the Bglll site (Fig. 5A) . As Fig. 5B shows, a fragment of about 110 bp is the only one observed at either temperature indicating a single initiation site at the start of the second repeat (nucleotide 767, marked with an asterisk, Fig. 1A ). The absence of the 298 bp protected fragment may be due to the lack of formation of the 298 bp hybrid because of the AT-rich cluster of about 55 bp in the middle of this predicted Sn uciease resistant fragment as has been found in other similar cases (35) . 
6.
Analysis of the Pol HI transcription units in the distal 3FR of the rGH gene. The lack of sequence information for the terminal 1.9 kb of the 5.8 kb rGH genomic insert (Fig. 1) complicated the detailed mapping of the Pol III transcription unit(s) within the distal 3'FR (7). However, the 720 (II) and 650 nt (12) transcripts can be tentatively mapped to a single initiation site located 190 bp 5' to the most distal PstI site (Fig. 6) , since both of these transcripts are replaced by a single new transcript of 190 nt when prGH-1350 is truncated with PstI ( lanes 3 and 4, Fig. 3A ). Mapping studies of the 720 nt transcript from the 3'FR utilizing prGHeh-5.8 DMA are complicated by the presence of a similar sized transcript which originates from I B (lanes 2-6, Fig. 3A , Table I and Fig. 4) . The position of the 650 nt transcript shown in Fig. 6 is further substantiated since this transcript is replaced by 190 or 217 nt run-offs when prGHeh-5.8 is cut with PstI (lane 5, Fig. 3A) or Kpnl (Fig. 2) , respectively. Similarly, the 970 (Jl) and 475 nt (J2) transcripts seen with prGHeh-5.8 can both be tentatively mapped as initiating in the region immediately preceding the 3* terminal PstI and Kpnl sites since either PstI (Fig. 3) or Kpnl (Fig. 2 ) digestion of prGHeh-5.8 abolishes the transcription of both the 970 and 475 nt RNAs; and neither transcript is directed by prOI-1350 (Fig. 3A) . The 970 nt RNA terminates in pBR322, since this transcript is replaced by a new 560 nt run-off if prGHeh-5.8 is cut with Hindlll (data not shown). The 475 nt product appears to terminate at the same site as the 650 nt transcript (Fig. 6) . The other transcripts directed by prGH-1350 of about 540, 465, and 300 nt persist after PstI digestion (Fig.  3A, lanes 3 and 4) indicating that these Pol III transcription units are wholly contained in the PstI 1350 bp fragment. Furthermore, RNA bands of 540/530 and 465/455 nt are shortened to 310/300 and 225/215 nt, and a much weaker 270/280 nt doublet disappears, after PvuII digestion of prGHeh-5.8 DNA (not shown). Since the 425 bp PvuII fragment is transcriptionally inactive (Fig. 3A, lane 1) , these three transcripts most likely originate 3' to the distal PvuII site, and therefore are transcribed in an orientation opposite to the other Pol III (or Pol II) units. Thus, three Pol III promoter elements occur in tandem (Fig. 6 , E-G), each with apparently two initiation sites and a common, strong Pol III stop signal. Consistent with this interpretation is that this stop signal appears to correspond to the oligo-dT sequence that is present on the opposite strand of the poly A segment of the 3' truncated repeat, D. (Fig. 6) . The position of the 300 nt transcript resistant to PstI digestion of prGH-1350 (Fig. 3A, lanes 3 and 4) can only be approximated to the DNA region between the G and I repeats (Fig. 6 ).
7.
The rat type 2 repeat elements share Pol III transcription factors with a Drosophila tRNA gene, a human Alu repetitive DNA and a mutant VA1 gene. To determine whether the rGH Ig repeats share transcription factors with other Pol III templates, we assessed the ability of various competitor templates to inhibit the formation of a stable Pol III transcription complex by subsequently added prGH-1250 reference DNA (28, 29) . As shown in Fig. 7 , preincubation with an equimolar Pol III promoter amount (relative to prGH-1250) of either the intact Drosophila tRNA gene template (pARG), a Bal 31-generated pArg template deleted of its proximal A box (pARG 5.12), an adenovirus VA-1 gene deleted of its first 55 bp (VA1-5'A55), and a human Alu-repeat sequence (pP08), does not affect the transcription of any prGH-1250 -specific transcripts (compare the 720, 540, 370, 360, 320 and 175 nt RNA bands in lane 1 with those in lanes 2,4,6 and 8). The overall intensities can be compared with those of the Ui RNA added as an internal standard. Similarly, pArg 5.12 and pBR322, even at a 6-fold molar excess of Pol III promoters, do not compete ( lanes 5 and 10, Fig. 7 ). At a 6-fold excess, however, the VA1-5'A55 FIGURE 7 Pol III factor competition assay. The assay was performed essentially as described by Sharp et al. and Schaack et al. (28, 29) except that pre-incubation was at 30'C for 5 min with either nearly equal or 6 fold Pol III promoter molar excess relative to the reference template (prGH-1250) as described in h€THOOS. Lanei (1) prGH-1250, 1 yg» (2) pArg, 2 ug + prGH-1250, 1 ugi (3) pArg, 10 ug • prGH-1250, 1 ugi W P Ar £ 5.12, 2 ug * prGH-1250; 1 ugi (5) The I B repetitive DNA results in two ("A" and "B" family) Pol III transcription units each coding for several overlapping transcripts. The "A family" initiates either at the beginning or 11-13 bp upstream from the first J-B repeat and then uses each of three termination signals resulting in transcripts of 720-730 (Al), 360-370 (A2) and 175 (A3) nt (Fig. 4) . The upstream start site is 23-25 bp 5' from the canonical A box of the first repeat, which is one of the longest reported distances between the start of transcription and the promoter element involved in positioning it (27) . However, the upstream start site may be positioned by an 11 mer, the GAGAGGGCTGG sequence, that spans the start of the first repeat (Fig. 1A) and which has significant homology with the Pol III A box promoter consensus sequence (20, 21, (30) (31) (32) 47) . Alternatively, initiation site selection by Pol III may depend on the 5* flanking sequence, as previously shown for tRNA genes (40, 41) . By contrast the canonical A box promoter region of the B family (Fig. 1A) initiates transcription from only one site, at the beginning of the second Ig repeat, and then each of the two remaining termination sequences are used thus resulting in transcripts of 540 (Bl) and 175 (B2) nt (Fig. 4) . Furthermore, the correlation between the observed transcript size and the predicted size from Pol III initiation and termination signals in Ig ( and a lack of further changes with prolonged incubation rule out posttranscriptional processing in the HeLa cell extracts as the basis for the complex transcription pattern. It has previously been suggested that Manleytype HeLa cell extracts may allow weak stop signals to be utilized by Pol III (3, (29) (30) (31) (32) (33) (34) . Here we show that the first two Pol III termination sites (ATCTTTA), which belong to the "very weak" class of Pol III termination signals of Bogenhagen and Brown (34) , can also be effective in HeLa cell extracts. Although we found that these stop signals were used, they were also found to be weak, since many transcripts do read through this signal (A1,A2,B2; Fig. 4 ). However, none were found to read through the strong termination sequence (CTTTTC) in intron C. The transcripts which terminate within I c (Fig. 4 , Al and Bl) are hybrid RNAs containing repetitive DNA followed by single-copy rGH structural gene (exon III) and intervening (Ig and IQ) sequences. This lack of an efficient termination signal within the repetitive DNA transcription unit, with resultant transcription of nonrepetitive sequences, is common with the transcribed human Alu elements and also occurs in other rodent type 2 repeats (4,5).
Initiation of Pol III transcription at each of the paired Ig promoters contrasts with Pol III transcription of similar tandemly aligned tRNA genes. The latter result in a single, polycistronic transcript which initiates with the first tRNA gene (16) (17) (18) . Downstream genes initiate transcription only after removal of the upstream tRNA gene sequence (18) . The inability of Pol III to initiate at internal genes of a tandem array is probably not due to lack of specific factor binding by the distal B box regions (30, 36, 37) . However, factor binding to all B box regions might conceivably interfere with subsequent A box factor binding by downstream A box regions that are only 23-27 bp away from the B box of the 5' gene. This might not occur in the case of the two rGH gene Ig Pol III transcription units, since the B box in the upstream promoter (bold face, position 628, Fig. 1A ) is 138 bp from the A box of the downstream promoter (bold face, position 779, Fig. 1A) . Alternatively, the lack of efficient Pol III terminators or the presence of Pol III inhibitory sequences between paired tRNA genes might also lead to the exclusive formation of a polycystronic transcript. An indication that distance alone may not be inhibitory has been obtained recently by Ciliberto et al. (46) who found that internal initiations could occur for three closely linked tRNA genes constructed in vitro. Parameters such as these may repre-sent different mechanisms involved in Class III gene regulation.
2.
Repetitive DNA elements within Ig are very analogous to tRNA genes. Previous transcription competition studies have shown that VA1 and tRNA genes share Pol III transcription factors and that the VA1 gene B box alone is sufficient, since it appears to bind transcription factor(s) relatively tightly (21,28,29,32,36.37) . Our studies confirm and extend these results since we show that a tRNA gene (pArg), a human Alu repeat (pPD8), a VA1 gene containing only the B box (VA1-5'A55), and rat type 2 DNA (prGH-1250) all share Pol III transcription factors (Fig. 7) . The differential competitive ability we observed for the various templates is most likely due to the relative stability of the transcription complex formed (28, 29, 37) . Thus, templates with either both A and B boxes intact (pArg and pP08), or with a high-affinity B box (VA1-5'A55) were able to form stable complexes, whereas the pArg B box region alone (pArg 5.12) was not. Of particular interest, the rat type 2 and TR elements have conserved most of the invariant nucleotides specifying tRNA structure and promoter function in the same relative position (38, 44) . This striking structural similarity may not only explain why pArg is more effective than pPD8 in competing for prGH-1250 transcription, but also suggests that these rat repeats and tRNA genes have evolved from a common, ancestral precursor gene. Finally, since several of these Class III templates share transcription factors, it is likely that differential promoter strength and factor accessibility may affect their competitive ability, and thus ultimately their expression.
3. Dimished Pol III cell-free activity of the rGH-TR DNA. The mechanisms of expression of the TR family is of special interest since a 160 nt RNA containing TR (or "identifier") sequences occurs specifically in the brain and pituitary and could have some important biological role (3, (9) (10) (11) . Interestingly, our results show that the rGH type 2 repeats efficiently initiate Pol III transcription, whereas the TR elements apparently do not. Indeed, the rGH-TR sequences appear only as part of larger transcripts directed by upstream type 2 repeats (e.g., Al and Bl, Fig. 4 ). An examination of the Pol III promoter sequences revealed that the rGH TR, but not the type 2 DNA, contains a significant A58+G change at an invariant position in the B box promoter region. Surprisingly, we found this change to be conserved in all eleven TR elements sequenced so far (3, 7, (9) (10) (11) (12) (13) (14) (15) . It could be argued that this "nonpermissive" change of the invariant A58 to a G is responsible for the lack of TR Pol III activity in vitro. Yet, in contrast to our studies, Sutcliffe et al. (3) have found that an equivalent TR sequence (ID clone p2A120) contains strong Pol III promotor activity in vitro. More recently we have also transcribed these sequences (clones p2A120 and plB337) and confirmed their strong Pol III promotor activity in vitro (data not shown). Thus, as Traboni et al. (47) have so elegantly shown, the strongly conserved A58 may be more important in tRNA structure or transcript stability rather than promoter function, and therefore mutations at this position affect cell-free transcription only minimally (3, 42, 47) . However, since the TR sequences of the rOI gene and ID cDNA clones are essentially the same, the basis for the striking difference in their Pol III activity is most likely due to either position effects and/or the presence of inhibitory or stimulatory flanking sequences. Although such influences have been reported, they are difficult to predict in cell-free studies (39) (40) (41) . If the flanking DNA in some other way regulated the activity of the TR RNA polymerase III promotor, this could provide a mechanism whereby the activity of "identifier" or TR sequences is regulated by being dependent on the site of insertion. Hopefully, other studies can be performed to address this issue by exchanging flanking regions between a functional and an inactive TR subclone.
